Background and study aims Stent migration is a common complication of fully-covered self-expanding metal stents (FCSEMS), but the rate of clinically relevant migration as defined by stent migration followed by reintervention via endoscopy for stent replacement is unknown. The goal of this study is to gain insight into the total migration rate and clinically relevant migration rate of different types of FCSEMS placed within benign and malignant strictures with specific attention paid to stent manufacturer, diameter, and length.
Patients and methods Multicenter retrospective analysis
of endoscopic data from patients with FCSEMS placed within benign or malignant strictures. FCSEMS used included a variety of sizes and manufacturers.
Results A total of 369 patients were included, 161 of whom had benign strictures and 208 of whom had malignant strictures. The total migration rate and clinically relevant migration rate in benign strictures were 30 % and 17 %, respectively. For benign strictures, Wallflex stents had a clinically relevant migration rate of 15 %, compared to Endomaxx stents with 19 %, and Evolution stents with 25 % (P = 0.52). The total migration rate and clinically relevant migration rates in malignant strictures were 23 % and 14 %, respectively. Evolution stents had a significantly higher clinically relevant migration rate (29 %) than the Wallflex stents (7 %) and the endomaxx stents (12 %), P = 0.003.
Conclusion
This study is the largest to investigate migration rates for FCSEMS in benign and malignant strictures. Clinically relevant migration is a relatively common occurrence with all stent types studied and better anti-migration features are needed.
One of the major criticisms of FCSEMS is their relatively high risk of migration. Previous data include a meta-analysis of 18 studies with a total of 444 patients, which found stent migration occurred in 29 % of patients with benign strictures [7] . Other studies have found higher rates of stent migration in benign strictures ranging from 31 % to 40 % [8 -11] . Stents placed in malignant strictures were found in various studies to have migration rates from 23 % to 31 % [6, 12, 13] .
In some clinical scenarios, stent migration may be a beneficial finding, as it may reflect resolution of benign strictures or a positive response of malignant strictures to treatments such as chemoradiation therapy [6] . In other situations, presence of migration may be an undesirable complication, and in these settings, the stent migration itself often represents a failure of stent therapy when the underlying stricture, be it benign or malignant, is still of clinical concern.
Replacement of a stent is indicated based on the degree of migration as well as clinical symptoms (i. e. recurrence of dysphagia, pain, etc) and thereby an inability for the stent to perform its intended function, which we define as clinically relevant migration. The aim of this study was to gain insight into the total migration rate and clinically relevant migration rate of different types of FCSEMS in both benign and malignant strictures with specific attention paid to stent location, type, diameter, and length.
Patients and methods
We performed a multicenter, retrospective analysis of endoscopic data querying for all patients with benign or malignant stenosis who underwent placement of esophageal FCSEMS between October 2006 and August 2016. This study was performed under Institutional Review Board approval for collection of data from electronic medical records located at the University of Utah and Huntsman Cancer Center in Salt Lake City, Utah, and Jefferson University School of Medicine in Philadelphia, Pennsylvania.
The esophageal FCSEMS used in the current study included the WallFlex stent (Boston Scientific, Natick, Massachusetts, United States), the ENDOMAXX stent (Merit Medical, South Jordan, Utah, United States), and the Evolution stent (Cook Endoscopy, Winston-Salem, North Carolina, United States). All of these metal stents have a covering that extends for their entire length. All stents were deployed over guidewires and with the aid of fluoroscopy. Stent sizes were based on stricture location, size, length and severity, and the diameter of the proximal and distal esophagus. Endoscopic and fluoroscopic confirmation of adequate stent position was obtained in all patients.
Patients included in this study had follow-up within 4 weeks of initial stent placement, in case of adverse events (AEs) or stent dysfunction and then not until any endoscopic re-intervention or death. All AEs were recorded as long as the stent was in place. Stents placed for benign strictures were typically removed once the stricture had resolved, whereas FCSEMS for malignant strictures were removed prior to or even during surgery. Any stents that were endoscopically clipped or sutured in place were excluded from the study.
Rates of stent migration between the three manufacturers were evaluated using chi square test. Significant results were further analyzed by performing pairwise comparisons and the Benjamini-Hochberg procedure was used to control the false discovery rate.
Results
A total of 369 patients were identified and included in the analysis, of whom 278 were male (75 %) and 91 were female (25 %) (▶ Table 1 ). Mean patient age was 63 years (Range 21 -94). Of the patients, 161 (44 %) had esophageal FCSEMS placed secondary to benign strictures, whereas 208 (56 %) had esophageal FCSEMS placed to treat a malignant stricture. Strictures were localized in the proximal esophagus in 39 patients (11 %), the mid-esophagus in 69 patients (19 %), and the distal esophagus in 261 patients (70 %).
The three different esophageal FCSEMS included the Wallflex stent (Boston Scientific), which accounted for 218 (59 %) of the stents placed, the Endomaxx stent (Merit Endotek) with 96 (26 %) stents placed, and the Evolution stent (Cook Medical) with 55 (15 %) stents placed. Stent length ranged from 70 to 150 mm. Each manufacturer makes three or four different lengths of FCSEMS; Cook makes stents that are 80, 100, and 120 mm; Merit makes 70-, 100-, 120-, and 150-mm stents; and Boston Scientific makes 100-, 120-, and 150-mm stents. For purposes of analysis, stents were grouped by length and separated into stents > 100 or ≤ 100 mm in length. The number of stents > 100 mm in length was 188 (51 %) compared to 181 (49 %) that were ≤ 100 mm.
Stent migration in patients with benign strictures
A total of 161 FCSEMS were placed within benign strictures. Our database identified 28 strictures (17 %) in the proximal esophagus, 30 strictures (19 %) in the mid esophagus, and 103 strictures (64 %) in the distal esophagus. Of the 161 FCSEMS, a total of 32 (20 %) were noted to have a late complication that required stent replacement. Twenty-eight of the 32 stents replaced were due to clinically relevant migration. The four remaining stents were replaced due to esophageal perforation, stent occlusion, chest pain and one other non-defined complication.
Of the 28 stents in the proximal esophagus, 5 stents (18 %) had clinically relevant migration and eight (29 %) had any migration, compared to the 30 stents in the mid-esophagus with 5 stents (17 %) with clinically relevant migration and 8 (27 %) with any migration, and lastly compared to the 103 stents in the distal esophagus with 18 stents (17 %) with clinically relevant migration and 33 (32 %) with any migration. We found no significant difference between stents placed within benign strictures with clinically relevant migration or any migration and stent location (P = 0.99 and 0.83 respectively) (▶ Fig. 1 ). ▶ Fig. 3 Results showing the total number of stents placed within benign strictures, the number of stents with clinically relevant migration (defined as stent migration requiring replacement) and any migration, separated by stent type. P values suggest no significant difference between stents placed within benign strictures with clinically relevant migration or any migration and stent type.
Bengin strictures and stent location
The total migration rate of stents in benign strictures that were replaced due to clinically relevant migration was 17 %. When comparing the number of stents replaced for clinically relevant migration with the total number of stents placed in benign strictures for each stent type, we found the Wallflex stents (Boston Scientific) were replaced in 14 of the 94 cases (15 %), compared to the Endomaxx stents (Merit) with replacement in nine of the 47 cases (19 %), and finally the Evolution stents (Cook) with replacement in five of the 20 cases (25 %) (▶ Fig. 2) . Although there appears to be a trend towards less clinically relevant migration for the Wallflex stents compared to the Endomaxx stents and Evolution stents, these differences were not statistically significant (P = 0.52) (▶ Fig. 3) .
The total migration rate for all stents in benign strictures regardless of whether the stent was removed was 30 %. The total migration rate of each stent type regardless of stent removal was 26 % for the Wallflex stent, 40 % for the Endomaxx stent, and 30 % for the Evolution stent. Similar to the stents replaced for clinically relevant migrations, there appears to be a trend towards less migration for the Wallflex stents compared to the Endomaxx stents and Evolution stents, although these differences were not statistically significant (P = 0.19) (▶ Fig. 3) .
When comparing the diameter of stents in patients with clinically relevant migration in benign strictures, 14 of the 66 stents with a diameter ≥ 20 mm were replaced compared to 14 of the 95 stents with a diameter < 20 mm (21 % vs 15 %, P = 0.29).
When comparing the length of stents in patients with clinically relevant migration in benign strictures, 18 of the 85 stents with a length > 100 mm were replaced compared to 10 of the 76 stents with a length ≤ 100 mm (21 % vs 13 %, P = 0.18).
Migrations in patients with malignant strictures
A total of 208 FCSEMS were placed for malignant strictures. Our database identified 11 strictures (5 %) in the proximal esophagus, 40 (19 %) in the mid esophagus, and 157 strictures (76 %) in the distal esophagus. Of the 208 FCSEMS, a total of 30 (14 %) were noted to have a late complication that required stent replacement. Twenty-five of the 30 stents replaced were due to clinically relevant migration. The five remaining stents were replaced due to stent occlusion (n = 2), chest pain (n = 1), and other non-defined complications (n = 2).
Of the 11 stents in the proximal esophagus, 1 (9 %) had clinically relevant migration and 1 (9 %) had any migration, compared to the 40 stents in the mid-esophagus with five stents (13 %) with clinically relevant migration and 6 (15 %) with any migration, and lastly compared to the 157 stents in the distal esophagus with 19 stents (12 %) with clinically relevant migration and 41 (26 %) with any migration. We found no significant difference between stents placed within malignant strictures with clinically relevant migration or any migration and stent location (P = 0.95 and 0.17 respectively) (▶ Fig. 4) .
The total migration rate of stents in malignant strictures that were replaced due to clinically relevant migration was 12 %. When comparing the number of stents replaced for clinically relevant migration with the total number stents placed in malignant strictures for each stent type, we found the Wallflex stents were replaced in nine of the 124 cases (7 %), compared to the Endomaxx stents with replacement in six of the 49 cases (12 %), and the Evolution stents with replacement in 10 of the 35 cases (29 %) (▶ Fig. 2 ). The Evolution stent had a higher rate of clinically relevant migration when compared to the Wallfelx and Endomaxx stents (P = 0.003) (▶ Fig. 5 ). ▶ Fig. 4 Results showing the total number of stents placed within malignant strictures, the number of stents with clinically relevant migration (defined as stent migration requiring replacement) and any migration, separated by stent location. P values suggest no significant difference between stents placed within malignant strictures with clinically relevant migration or any migration and stent locations. ▶ Fig. 5 Results showing the total number of stents placed within malignant strictures, the number of stents with clinically relevant migration (defined as stent migration requiring replacement) and any migration, separated by stent type. P values suggest a significant difference between stents placed within malignant strictures with clinically relevant migration or any migration and stent type.
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The total migration rate of all stents in malignant strictures regardless of whether the stent was removed was 23 %. The total migration rate for each stent type regardless of stent removal was 17 % for the Wallflex stent, 37 % for the Evolution stent, and 29 % for the Endomaxx stent. The Evolution stent had a significantly higher rate of any migration when compared to the Wallfelx and Endomaxx stents (P = 0.025) (▶ Fig. 5) .
When comparing the diameter of stents in patients with clinically relevant migration in malignant strictures, nine of the 122 stents with a diameter ≥ 20 mm were replaced compared to 16 of the 86 stents with a diameter < 20 mm (7 % vs 19 %, P = 0.01), suggesting that stents with larger diameter, ≥ 20 mm compared to < 20 mm, were found to have less clinically relevant migration in malignant strictures that was statistically significant.
When comparing the length of stents in patients with clinically relevant migration in malignant strictures, 10 of the 103 stents with a length > 100 mm were replaced compared to 15 of the 105 stents with a length ≤ 100 mm (10 % vs 14 %, P = 0.31).
Discussion
Our study found that almost one in three FCSEMS placed for benign strictures migrated (30 %). This is comparable to the 29 % to 40 % migration rate published previously [7 -11] . A key finding for our study is that almost one in five FCSEMS placed for benign strictures required reintervention with stent replacement due to clinically relevant migration (17 %). These new data revealing a relatively high rate of clinically significant migration suggest that further investigation should be undertaken to understand and prevent these migrations requiring reinterventions with stent replacement. We attempted to better understand the nature of FCSEMS migration by analyzing each case broken down by stent location, type, diameter and length, which gave us some clarity with limitations as noted below.
Our analysis of benign and malignant indications for FCSEMS and location in relation to both clinically relevant migration and any migration found that there is no statistical difference between the location of the stricture or stent and the rate of clinically relevant migration or any migration.
When comparing the rate of clinically relevant migration within benign strictures using esophageal FCSEMS from three different manufacturers, we found no statistical difference between the different stent types. When comparing the rate of any stent migration within benign strictures using esophageal FCSEMS from three different manufacturers, we again found no statistically significant difference between the different stent types.
We also found that FCSEMS placed in benign strictures were more likely to have clinically relevant migrations requiring replacement if they had a diameter ≥ 20 mm (21 % vs 15 %, P = 0.29) and/or a length > 100 mm (21 % vs 13 %, P = 0.18). Although it appears that small-diameter and shorter stents migrate less in benign strictures, there was no difference found to be statistically significant.
With regards to malignant strictures, our study demonstrates that almost one in four stents (23 %) were found to have migration. This is compared to various studies that note migration rates of 23 % to 31 % for FCSEMS placed within malignant strictures [6, 12, 13] . Another key finding of the study was that 12 % of the stents placed in malignant strictures were found to have clinically relevant migration.
When comparing the three different stent manufacturers with the rate of clinically relevant migration in malignant strictures, we identified that the Evolution stent had a higher rate of clinically relevant migration when compared to the Wallfelx and Endomaxx stents. This was also found to be true for any stent migration within malignant strictures.
With regards to the diameter and length of the FCSEMS placed in malignant strictures, we found more clinically relevant migration if the diameter was < 20 mm (19 % vs 7 %, P = 0.01) and/or the length was ≤ 100 mm (14 % vs 10 %, P = 0.31). This is the inverse of what was seen in benign strictures. The reasons for these differences are unclear, but may be due to stricture length and geometry as well as underlying esophageal motility.
This study was novel in that it was the first to investigate clinically relevant migration as defined by reintervention via endoscopy for stent replacement. Limitations of this study include the fact that sutured stents were excluded from the data given the variability of how stents are sutured and lack of data available for sutured stents in our database. Also, given that patient follow-up was within 4 weeks, then not until an AE or reintervention, means that the observed rate of stent migration may be an underestimate of the true rate of migration. That is, some patients may have experienced stent migration, but if that did not result in any symptoms and they did not have any further follow-up, then this would have been missed. Additional information that would be beneficial to a future study would include data regarding time to stent removal and identification of patients with malignant strictures who underwent surgery and/or chemo-radiation.
Conclusion
In conclusion, clinically relevant migration is a relatively common occurrence and the type of stent used for management of malignant structures matters in terms of reducing clinically relevant migration and reintervention. Better anti-migration features need to be designed and incorporated into future FCSEMS.
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